In this paper we analyze the ability of an open economy version of the neoclassical model to account for the time-series evidence on fiscal policy transmission. In a first step, we identify government spending shocks within a vector autoregression model. We find that i) government spending increases output and induces a simultaneous decline of investment and the current account, but does not affect consumption; ii) the responses of output and investment are smaller in more open economies, while current account deficits tend to be larger. We find the predictions of the model to be broadly in line with the evidence, once we allow for habit formation in consumption. Specifically, habits are crucial for government spending to induce a simultaneous decline in investment and the current account.
Introduction
Interest in specific aspects of the fiscal transmission mechanism has grown recently, both among policy makers and within the academic literature. A number of studies have applied different identification schemes to establish time-series evidence on the effects of fiscal shocks, see, e.g., Blanchard and Perotti [2002] , Mountford and Uhlig [2009] , and Ramey [2010] . Others have explored the ability of quantitative business cycle models, both of the neoclassical and of the new Keynesian variety, to account for the evidence, see Burnside, Eichenbaum and Fisher [2004] and Gali, Lopez-Salido and Valles [2007] , respectively. Most of the analyses have been confined to closed economy models, however. In the present paper we take up the following question In order to establish evidence on the fiscal transmission mechanism we estimate a vector autoregression (VAR) model on quarterly time-series data for the U.S., Australia, U.K, and Canada covering the period 1980-2007. We identify government spending shocks under the assumption that government spending is predetermined relative to the other variables included in the VAR model, as suggested by Blanchard and Perotti [2002] . Two findings emerge. First, an exogenous increase in government spending has virtually no effect on private consumption, raises output, and lowers both investment and the current account. Second, we find that the decline of investment is less pronounced in those economies of our sample which are more open to trade. At the same time, the current account deficit tends to be larger and the effects on output more muted in more open economies. By and large, these findings are in line with evidence documented elsewhere. 1 We put forward a variant of the neoclassical model and assess its ability to account for these findings. Specifically, we focus on a semi-small open economy model. As in Buiter [1987] , the economy is small in world capital markets so that the world interest rate is given, but large enough in the world good market to influence the relative price of the domestic good, i.e. the terms of trade. Importantly, we also allow for the possibility that preferences are not timeseparable but characterized by habit forming behavior, as in, e. g. , Campbell and Cochrane [1999] and Carrol et al. [2000] .
Assuming time-separable preferences, we find that the model generally fails to account for the first set of observations, notably for the simultaneous decline of investment and the current account in response to an exogenous and temporary increase in government spending. To understand this result, consider first a relatively long-lived increase in spending which implies a sizeable drain on the resources available to the private sector. As stressed in the classic paper by Baxter and King [1993] , a representative household responds to the higher tax burden (which we assume to be lump-sum in the baseline scenario) by lowering consumption and increasing labor supply. This raises the return on capital and triggers a rise of investment, which, in turn, drives the current account into deficit. At the same time, the increase of government spending on domestic goods appreciates the terms of trade and raises the rate of return on foreign bonds.
Investment will therefore decrease whenever the spending shock is short-lived, as the rise of labor supply and, hence, of the return on capital is small in this case. However, the current account fails to decline, as the fall in savings does not exceed the drop in investment. 2 The ability of the model to account for the evidence improves, however, once we allow for habit formation. Two factors are crucial. First, while habit-forming agents also reduce consumption in response to the spending shock, they find it optimal to do so only moderately and, hence, savings decrease more than in the case of time-separable preferences. Second, under habits, household's labor supply also increases less for any given duration of the expansionary fiscal policy, because the marginal utility of wealth rises less in this case. We thus obtain a simultaneous decline of investment and the current account, once we allow for habit formation.
Regarding our second set of findings, which concerns the role of trade openness, we also find the performance of the model increased, once we allow for habits. It is only in this case that we find current accounts deficits to increase in openness. We show, however, that the output effects of spending shocks decline in openness under both preference specifications.
This finding seems particularly noteworthy, because Perotti [2005] documents smaller output effects of spending shocks in a post-1980 sample relative to results for the pre-1980 period.
Since the countries in his sample have become more open over time, this trend may be partly responsible for the reduced output effects of government spending.
Closely related to our paper is the study by Karayalçin [1999] who simulates a small open economy model and finds that a temporary fiscal impulse stimulates capital accumulation and induces a current account deficit. 3 Karayalçin [2003] also allows for time non-separable 2 For an earlier analytical study of long-lived temporary fiscal expansion, see Turnovsky and Sen [1991] who consider a semi-small open economy model with time-separable preferences. 3 In a small open economy model, since the return on foreign assets is fixed as the terms of trade are exogenous, higher labor supply always pushes up the return on domestic and capital. Hence, a fiscal shock always crowds-in investment in such a framework.
preferences and analyzes the effects of a permanent public spending shock in an open economy
model. Yet, while we introduce the habit index into instantaneous utility, Karayalçin uses recursive preferences and introduces the stock of habits into the subjective time discount rate.
Under this specification the model predicts a current account surplus. 4
The remainder of the paper is organized as follows. In section 2, we present VAR evidence on the macroeconomic effects of government spending shocks. In section 3, we develop an open economy version of the neoclassical model with habit formation. Section 4 provides an analytical exploration on the role of habits for the transmission of fiscal shocks. In section 5, we report results from numerical simulations and discuss the role of trade openness. In section 6, we report results from sensitivity analysis. Section 7 summarizes our main results and concludes.
2 Time-series evidence on the effects of fiscal shocks
In this section we establish time-series evidence on the effects of government spending shocks on the basis of an estimated vector autoregression (VAR) model. We briefly discuss the specification of our VAR model and the data before we present results.
Specification of VAR model
We estimate a VAR model on quarterly time-series data, allowing for four lags of the vector of endogenous variables, y t . We also include a constant and a linear time trend, which we omit from the following representation of the structural model:
Here A i , i ∈ {0, 1, 2, 3, 4} are appropriately defined coefficient matrices and ε t are structural innovations for which we assume Eε t ε t = I.
In our baseline specification y t includes, in logs and real terms: government consumption, taxes net of transfers, GDP, private non-residential investment as well as the current account in percent of GDP and short-term nominal interest rate. We also estimate a second model where we replace investment with private consumption expenditures in order to economize on the degrees of freedom. We consider the sample period 1980Q1-2007Q4, as Perotti [2005 shows that there has been a change in the fiscal transmission mechanism after 1980.
4 Related studies include Corsetti and Müller [2006] and Müller [2008] who consider two-country business cycle models and investigate how their predictions relate to time-series evidence on the fiscal transmission mechanism.
In contrast to these studies we consider a semi-small open economy model and a continuous-time framework which allows us to establish a number of analytical results.
We are exclusively interested in the effects of government spending on the other variables included in y t . In order to identify exogenous innovations in government spending, we follow Blanchard and Perotti [2002] and assume that government spending is predetermined relative to the other variables included in the VAR model. 5 This assumption appears not too restrictive, as government spending does not include transfers (such as unemployment benefits) and is therefore unlikely to respond automatically to the other variables. In addition, decision lags are likely to prevent policy makers to respond within the quarter in a discretionary and systematic manner to the state of the economy. As government spending is ordered first within y t , the first element of ε t represents a government spending shock under our identification assumption, i.e., an exogenous innovation, the effect of which on the other variables we seek to quantify.
We do not provide a structural interpretation of innovations other than those to government spending and thus assume, by way of normalization, that A 0 is lower-triangular, see Christiano et al. [1999] . We estimate the VAR model (1) recursively by OLS.
Data
We consider data for the following countries: Canada, Australia, the UK and the US. VAR studies of the fiscal transmission mechanism have traditionally been limited to those four countries, because of the limited availability of non-interpolated quarterly fiscal data, see Perotti [2005] .
All data are obtained from the OECD Economic outlook database. Government spending is government final consumption expenditure (value, appropriation account) deflated with the GDP deflator. 6 Taxes net of transfers are receipts (Current receipts, general government value) less subsidies (value) and social security benefits paid by general government (value), deflated with the GDP deflator. For private consumption and investment, we directly consider the volumes reported by the OECD. 7 Data for the current account are expressed as a fraction of GDP, while the short-term nominal interest rate is measured in percent (annualized).
Our results below are ordered according to the degree of openness of the four countries, 5 Blanchard and Perotti also allow for a contemporaneous effect of taxes on spending. However, the effect is quantitatively negligible and it has become common to assume that government spending is predetermined vis-à-vis taxes, see Monacelli and Perotti [2006] . 6 Otherwise purely nominal changes in government spending due, for instance, increased public sector wages would not considered a change in spending, see Perotti [2005] for a detailed discussion. measured by the share of imports (imports of goods and services, value, national accounts basis) in GDP. In our sample period imports account for 12, 18, 27 and 29 percent of GDP on average for the US, Australia, the UK, and Canada, respectively.
Results
We compute the effects of a government spending shock on the basis of the estimated VAR model. Figure 1 shows Turning to the response of investment, displayed in the third row, we find that a fiscal expansion induces a substantial and protracted decline, with the exception of Australia where investment recovers quickly. In fact, in this case it starts to rise beyond its trend level after about one year. As noted by Corsetti and Müller [2006] , we find the crowding-out of investment considerably larger in the US than in the more open countries of our sample.
The fourth row shows the response of the current account. While, initially, it increases somewhat in the US, its response is generally negative. This finding is in line with evidence reported by Corsetti and Müller [2006] and Monacelli and Perotti [2006] . 9 The last row of Figure 1 shows the response of private consumption, which is fairly unresponsive. Traditionally, 
An Open Economy Model with Habit Formation
We consider a semi-small open economy that is populated by a large number of identical households and firms that have perfect foresight and live forever. The country is assumed to be semi-small in the sense that it is price-taker in international capital markets but is large enough on world good markets to influence the price of its export goods. 10
Households
At each instant the representative household consumes domestic goods and foreign goods denoted by c D and c F , respectively, which are aggregated by means of a CES function:
10 More details on the model as well as the derivations of the results which are stated below are provided in an appendix which is available on request.
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where ϕ is the weight of the domestic good in the overall consumption bundle (0 < ϕ < 1) and φ corresponds to the intratemporal elasticity of substitution between domestic and foreign consumption goods.
The representative agent is endowed with a unit of time, supplies a fraction n(t) as labor, and the remainder l(t) ≡ 1 − n(t) is consumed as leisure. At any instant of time, households derive utility not only from their current real consumption c(t) but also from their current level of habits denoted by s(t). Hence, assuming that the felicity function is additively separable in consumption and labor, the representative household maximizes the following objective function:
where β is the consumer's discount rate, > 0 corresponds to the coefficient of relative risk aversion, and γ > 0 is the weight of habits s in utility; σ N > 0 is the Frisch elasticity of labor supply (or intertemporal elasticity of substitution for labor supply).
The habitual standard of living is defined as a distributed lag over past real consumption:
where the parameter σ indexes the relative weight of recent consumption in determining the reference stock s. Differentiating equation (4) w. r. t. time gives the law of motion of habit stock:ṡ
Intuitively, the larger σ, the greater the weight of consumption in the recent past in determining the stock of habits, and the faster the reference stock adjusts to current expenditure.
In line with Carroll, Overland and Weil [2000] , we have assumed that the utility derived from current and past consumption takes an iso-elastic form. The felicity function for current and past consumption can be rewritten as u (c, s) = obtains. Hence, the intertemporal marginal rate of substitution between consumption at date t + 1 and consumption at date t does not depend on consumption at other dates which implies a fixed rate of time preference along a constant consumption path outside the steady-state. As long as the consumption-based real interest rate is fixed, the temporal path for consumption is flat. Hence, following a negative income shock, agents with time separable preferences find optimal to leave unchanged their wealth by adjusting immediately consumption to its longrun level. In other words, the marginal propensity to consume out of real permanent income (henceforth MPC) is equal to one. If γ is positive, agents care about their relative consumption in deriving utility. The intertemporal marginal rate of substitution now depends on the stock of habits. If habit-forming agents experience a negative income shock, they anticipate that their usual standard of living will be lower in the long-run which drives down the marginal utility of future consumption. Consequently, the intertemporal marginal rate of substitution rises which is reflected by an increase in the slope of the indifference curves along a constant consumption path. Since individuals' impatience increases, agents are induced to reallocate consumption towards the present. Put differently, faced with a negative income shock, habit-forming agents find it optimal to reduce their consumption only moderately in the short-run and thereby to disave to sustain their original standard of living. Henceforth, the short-run MPC is smaller than one.
Households supply n(t) units of labor services for which they receive the wage rate w(t).
They hold the physical capital stock for which they receive the capital rental rate. In addition,
they accumulate internationally traded bonds, b(t), that yields net interest rate earnings r b(t),
expressed in terms of the foreign good. Denoting by Z lump-sum taxes, the flow budget constraint is equal to households' real disposable income less consumption p c c and investment
where p c is the consumption price index and p the relative price of the foreign good (or the terms of trade). Investment I leads to capital accumulation:
where 0 ≤ δ K < 1 is a fixed depreciation rate.
Firms
A large number of identical and perfectly competitive firms produces a final good which can be consumed domestically, invested or exported. They use physical capital k and labor n, according to a constant returns to scale production function, Y = F (k, n), which is assumed to have the usual neoclassical properties of positive and diminishing marginal products. Factor markets are assumed to be competitive, so that capital and labor are paid their marginal products, i. e. , F k = r K + δ K for capital and F n = w for labor.
Government
The government finances public spending g by raising lump-sum taxes Z according to the following balanced condition Z = g. 11 Alternatively, we will also consider the case of distorsionary taxes. The rise in government spending is thus associated with a rise in the labor tax rate τ F (labor tax paid by employers), which is adjusted accordingly to balance the government budget g = τ F wn.
Macroeconomic Dynamics
In an open economy model with a representative agent having perfect foresight, a constant rate of time preference and perfect access to world capital markets, we require that β = r in order to generate an interior solution. This standard assumption made in the literature implies that the marginal utility of wealth, λ, will undergo a discrete jump when individuals receive new information and must remain constant over time from thereon.
The adjustment of the semi-small open economy towards the steady-state is described by a fourth order dynamic system which comprises the accumulation equation of habits (i. e. , eq.
(5)) and the dynamic equation for the terms of trade:
which equalizes the rates of return on domestic capital and foreign bonds. 12 This equation governs the trade-off between investment in domestic capital and traded foreign bonds. 13
The dynamics of consumption are determined by the difference between the consumptionbased real interest rate, r c = r + (1 − α c )ṗ p , and the rate of time preference, denoted by
where 0 < 1 1 + σξc s γ(1− ) < 1/ stands for the short-run intertemporal elasticity of substitution (henceforth, IES) under time non separable preferences. 14 The optimal path for 11 We assume that the government balances its budget instantaneously through lump-sum taxes. As Ricardian equivalence obtains in the present setup, results are unaffected by allowing for government debt as long as the path of government spending is unchanged.
12 Since the number of predetermined variables (s and k) equals the number of negative eigenvalues, and the number of jump variables (c and p) equals the number of positive eigenvalues, there is a unique two-dimensional convergent path towards the steady-state. 13 In a two-good small open economy model, the terms of trade are exogenous. Investment dynamics are driven only by changes in labor supply which alter the return on capital, because the interest rate is unaffected by domestic developments. In contrast, if the economy is large enough to influence its terms of trade, domestic shocks affect investment dynamics also via changes in the return on foreign bonds. 14 The shadow value of the reference stock, denoted by ξ, is equal to the present discounted value of marginal consumption displays two key features. First, the slope of the consumption path determined by the short-run IES is smaller than the usual IES equal to the inverse of the relative risk aversion (i.e. 1/ ). Hence, consumption reacts less to a change in r c , and in particular to a rise in trade openness as reflected by a fall in the domestic content of consumption expenditure
(1 − α c ). Second, the rate of time preference is variable over time. The reason is that habits gradually adjust to their steady-state value which in turn leads to a discrepancy between the current and future marginal utility of consumption.
Denoting by X the exports to the rest of the world, we impose a domestic good market clearing condition to fully describe the macroeconomic equilibrium: 15
where
Substituting (10) into (6) yields the current account equation which is equal to net interest earnings from traded bonds holding plus net exports:
with c
where α c measures the import content of consumption expenditures.
Steady-State
We now briefly characterize the steady-state. The assumptions of constant returns to scale and an exogenously given world interest rate imply that the steady-state capital-labor ratio remains unchanged after a fiscal expansion. Since the steady-state value of the capital-labor
, the marginal product of labor and thereby the wage rate are also unaffected in the long-run. By substituting the wage rate into the labor supply decision evaluated at the steady-state, we getñ =
a decrease in private wealth measured in terms of the domestic good (i. e. , a rise inλ/p) stimulates labor supply in the long-run. Higher employment raises the marginal product of k and thereby the capital stock so thatk/ñ is unchanged.
Settingċ =ṗ = 0 and using the fact that real consumption coincides with the habit stock once the economy reaches the long-term equilibrium enables us to derive the steady-state level disutility of consumption experience, us ≤ 0, which depreciates at the rate σ:
Since an increase in s reduces instantaneous welfare for a given level of real consumption, ξ is negative. 15 Exports are positively correlated with the relative price of foreign goods, i. e. X p > 0. An increase in p, makes the domestic good cheaper and thereby stimulates exports.
of real consumption:c
where ν is the long-run IES. Denoting by a hat the rate of change relative to initial steady-state, eq. (12) can be rewritten asĉ = −νλ + ν (1 − α c )p. This equation shows that consumption is more sensitive to a change in the terms of tradep than in the case of time separable preferences and reacts more strongly to it, the less open an economy, i.e. the larger (1 − α c ). The reason is a larger long-run IES, ν > 1/ . 16 Moreover, consumption reacts more to a change in the shadow value of wealthλ > 0. Hence, following a fall in the real permanent income,λ must increase less to produce a decline in real consumption. The smaller increase in the shadow of wealth in the case of habits also induces agents to supply less labor. As it shall become clear later, this mechanism plays a major role in driving the response of investment.
The market-clearing condition for the home good determines the steady-state value of the terms of trade. The relative pricep adjusts for the goods market to clear:
where we have rewrittenc
Following a temporary fiscal expansion, government spending reverts back to its initial level. Since output is higher and consumption is lower, the terms of trade must deteriorate in the long-run.
Finally, we note that a linearized version of the intertemporal solvency condition relates the steady-state level of net foreign asset position to the long-run level of physical capital and to the stock of habits:
with Φ 1 < 0 and Φ 2 > 0 for all parametrization. 18 A steady-state decrease in habits (increase in capital) causes a decumulation of the stock of foreign assets by inducing a drop in savings (a rise in investment). An additional feature of the eq. (14) is the dependency of the steady-state on initial conditions which implies that temporary shocks have long-run effects.
16 By noting that habits coincide with real consumption in the long run, setting c = s into the iso-elastic function above yields a long-run IES denoted by ν equal to
which is higher than the standard IES 1/ as long as > 1. By contrast, the reference stock is fixed over a short interval of time. Hence, the short-horizon and long-horizon elasticities do not coincide as long as γ > 0.
17 Equation (13) can be solved for the terms of trade as a function ofλ and g, i. e. ,p = p λ , g , with pλ > 0 and pg < 0. Substituting p λ , g into (12) enables us to express the steady-state consumption and physical capital as functions of the shadow value of wealth and government spending, i.e.c = c λ , g , with cλ < 0 and c g < 0, andk = k λ , g , with kλ > 0 and k g > 0.
18 Remembering thatc =s and substitutingc = c λ , g andk = k λ , g into (14) yieldsb = b λ , g with bλ < 0 and b g > 0.
The Role of Habits in the Transmission of Government Spending: An Analytical Exploration
In this section, we explore analytically the macroeconomic effects of a temporary fiscal expansion, emphasizing how habits modify the propagation mechanism. We suppose that at time t = 0, the government raises public spending on the domestic good and removes the expansionary policy at time T . 19 The higher T , the stronger is the persistence of the shock.
To analyze the adjustment of consumption and the current account it is convenient to abstract from capital accumulation. In this case the response of consumption is given by:
where µ 1 < 0 < r < µ 2 are the stable and unstable root, respectively; the second term in brackets on the RHS of eq. (15) reflects the direct effect of government spending on consumption through the change in the relative price (for given shadow value of wealth); the first term in brackets captures the long-run change of consumption induced by the change in the shadow value of wealth (for given value of the terms of trade); it is given by: 20
Since taxes must be raised to balance the budget, the consecutive fall in the real disposable income induces agents to permanently lower their real expenditure, as captured by cλλ g < 0. 21
To have a better grasp of the initial reaction of consumption, let's further simplify the analysis and consider the case of a small open economy model where the relative price of foreign goods p is exogenous. In this case we have c g = 0 so that the short-run change in consumption simplifies to − µ 1 σ dc dg . If preferences are time separable (i. e. , γ = 0), the stable root µ 1 reduces to −σ which results in a drop of real consumption by the same amount than in the long-run. Hence, c adjusts instantaneously to its long-run equilibrium. If, in contrast, preferences are characterized by habits (i. e. , γ > 0), we have σ > −µ 1 , which implies that consumption reacts weakly to the drop in income. The initial decline of consumption is given by:
19 We assume further that all agents perfectly understand at the outset the temporary nature of the policy change. Hence, at time T , there is no new information and thereby no jump in the marginal utility of wealth at this date. 20 The multiplicative termχ > 0 in front of the second term on the RHS of eq. (16) is related to the underlying parameters shown in the appendix. 21 Additionally, as reflected by c g < 0, the long-run terms of trade deterioration reduces consumption more by lowering the value of foreign bonds measured in domestic units which raises further the marginal utility of wealth.
Regardless of the type of preferences, agents smooth their real consumption as long as the shock is temporary. This smoothing behavior results in a smaller reaction of consumption than that after a permanent fiscal shock as reflected by the scaling term 0 < 1 − e −r T < 1. Yet habit persistence further moderates the initial drop of c. To see it more clearly, assume that labor supply is inelastic, i.e. σ N = 0; in this case, the above expression simplifies to r −µ 1 σ+r 1 − e −r T . As γ gets closer to unity, the speed of adjustment |µ 1 | gets smaller which results in a weaker reaction of c on impact. This consumption behavior is due to the time preference rate which is variable over time. Following a fiscal expansion, agents expect a long-term fall in their standard of living. However, when the fiscal expansion is implemented, the stock of habits does not change, so that the marginal utility of current consumption exceeds that of future consumption. This provides a strong incentive to reallocate expenditure to the present and implies a MPC below unity in the short-run.
Turning to the case of a semi-small open economy, note that the increase in government spending on domestic goods appreciates the terms of trade. This exerts a negative impact on consumption, because domestic consumption consists to a large extent of domestically produced goods whose relative price is temporarily increased. Hence, consumption drops by a larger amount relative to the small open economy case. Habits also determine the strength of this channel. This can be seen more formally by linearizing the first-order condition for consumption; evaluating at time t = 0 and totally differentiating gives:
where the term
[β+σ(1−γ)]+σγ is a decreasing function of γ. Hence, as γ gets closer to unity, real consumption falls by a smaller amount for a given initial terms of trade improvement dp(0)
Additionally, an increase in trade openness (i.e. a decrease in (1 − α c )) moderates the initial drop of consumption following a fall in p by isolating consumption from the change in the terms of trade. In a polar case where the import content α c is equal to 1, real consumption does no longer depend on the relative price and the analysis for a small open economy model applies.
We now turn to the adjustment of the current account while still abstracting from capital formation in order to highlight the role of habits. The initial response of the current account is given by:
where dc(0)/c < 0 is given by expression (17). The first term on the RHS of (19) represents the negative impact of consumption smoothing behavior on the current account, regardless of the specification of preferences. In the case of time separable preferences, µ 1 = −σ so that the second term on the RHS of (19) vanishes. However, as γ gets closer to unity, habit persistence gets stronger. This results in a smaller drop in consumption and thereby a greater current account deficit.
In a semi-small open economy model, exports are price-elastic and thereby fall by a smaller amount than that in a small open economy framework. In addition, as discussed previously, due to a higher consumption-based real interest rate, consumption declines by a larger amount in the short-run. Linearizing (11), evaluating at time t = 0, and differentiating yields the initial reaction of the current account:
where ν X stands for the price-elasticity of exports, φ the intratemporal elasticity of substitution between foreign and domestic goods, (1 − α c ) the domestic content of consumption expenditure.
The response of the current account to changes of the terms of trade depends on the relative importance of valuation and substitution effects. For all parametrizations which we consider below, the latter effect dominates such that an appreciation of the terms of trade (dp(0) < 0) reduces the current account, i.e. the Marshall-Lerner condition is satisfied. The second term on the RHS of (20) reflects the effect of consumption changes on imports: the current account may improve as a result of reduced consumption. Consumption inertia greatly moderates the drop in c F and thereby makes a current account deficit more likely. 22
In order to build up intuition regarding the dynamics of investment, and to clarify the role of habits in driving its response to a fiscal shock, we turn to the first-order condition given by eq.
(8). It equates the rate of return on domestic capital and on traded bonds. Following an increase in government spending, households supply more labor which raises the marginal product of capital and thereby r K = F k − δ K . At the same time, government spending appreciates the terms of trade, which overshoot initially so as to depreciate along the transitional path. This raises the return on bonds for a given world interest rate (i.e. r +ṗ/p). Depending on whether r K exceeds r +ṗ/p or not, agents are induced to accumulate or decumulate physical capital.
Both the shock's duration and the specification of preferences matter for the response of r K via labor supply decisions. Consider first the case of time separable preferences. If the shock is long-lived, the increase in the marginal utility of wealth and thereby the rise in labor supply is large enough to push up r K above r +ṗ/p so that investment is crowded-in. Conversely, after a short-lived shock, the rise in labor supply is smaller as the marginal utility of wealth increases less. Because the rise in r K is not large enough, investment is crowded-out, see the analysis of Baxter and King [1993] within a closed-economy context. Yet if, as a result of habits, agents care about past consumption, investment is generally crowded-out by government spending irrespectively of the length of the shock. In this case, labor supply increases less as a result of a smaller increase in the marginal utility of wealth.
The rate of return on foreign bonds therefore tends to exceed the return on domestic capital which, in turn, induces agents to decumulate domestic capital.
Temporary Fiscal Expansion: A Quantitative Exploration
In this section, we analyze the effects of a temporary rise in government spending quantitatively.
For this purpose we solve the model numerically. In the following we thus first discuss parameter values before turning to the long-term and short-term effects of the fiscal shock.
Baseline Parametrization
We start by describing the calibration that we use as a baseline. The world interest rate which is equal to the subjective time discount rate β is set to 3.5%. One period of time corresponds to a year. The elasticity of substitution between domestic and foreign goods φ is set to 1.5.
Exports are assumed to take a power form X = X (p) = γ X p ν X with γ X > 0. The terms of trade elasticity of exports denoted by ν X is set to 0.8 in line with estimates by Bayoumi [1999] .
Government spending as a share of GDP g/Y is 20%. Finally, the production function takes a
Cobb-Douglas form Y = F (k, n) = k α K n 1−α K with the share of capital in output assumed to be equal to 0.4. Finally, we set δ K to 0.035 so as to be consistent with a ratio investment-GDP equal to 20%. 23 All the previous parameter values remain unchanged in the analysis below.
Next, we turn to the parameters for which we conduct some sensitivity analysis. value for γ between 0.7-0.8. We set γ to 0.8. The relative-risk aversion parameter, , is set to 1.5. We set σ to 0.6 which means that the time required to close 95% of the discrepancy between s(t) and c(t) following a change in c(t) is roughly five periods. The last critical parameter is the intertemporal elasticity of substitution for labor supply σ N . In our baseline parametrization, we set σ N = 0.4, in line with evidence reported by Domeij and Flodén [2006] .
We consider a rise in government spending by 1 percentage point of initial output. Regarding the duration of the fiscal shock, we consider three different scenarios: a short-lived (T = 4), a medium-lived (T = 10), and a long-lived (T = 25) fiscal shock. As a baseline scenario, we consider a short-lived fiscal shock. In this case the cumulative increase in government spending corresponds approximately to the cumulative increase in US government spending six years after an exogenous spending shock according to the estimates reported in Table 1 above. For T = 4, we also conduct a sensitivity analysis with respect to the elasticity of labor supply (i.e.
we set σ N to 0.2 and 1) and the degree of openness (i.e. we set ϕ = 0.6 to target an importto-GDP ratio of 28%). In addition, we consider the possibility that government spending is financed by distortionary labor taxes.
Long-Run Effects of Temporary Fiscal Expansion
A temporary increase in government spending has permanent or long-run effects, because the model features the zero-root property. 24 Since government spending reverts back to its initial level at time T , changes in the long-run, i.e. in the steady-state, are only driven by the change in the equilibrium value of the marginal utility of wealth. Confronted with a fall in their disposable income, agents are induced to permanently lower real consumption and increase labor supply. This stimulates capital accumulation by raising the marginal product of capital. As both factors of production increase in the long-run, output also increases. Longrun consumption, instead, falls such that the terms of trade deteriorate in the long-run for the goods market to clear.
In panel A of Table 2 we report numerical results. Quantitatively the long-run effects are small. Consumption, for instance, falls by 0.03 percent of initial output in the long-run in response to short-lived fiscal shock. The effects tend to increase in the duration of the shock, but are generally moderate. Moreover, it turns out that the role of habits for the long-run effects is quite limited. Intuitively, while steady-state consumption is more sensitive to the wealth effect in the case of habits, it also reacts more to the terms of trade deterioration that lowers the marginal utility of wealth when measured in terms of the domestic good (see eq.
(12)).
Short-Run effects
We now turn to the short-run effects of the fiscal expansion. We still consider the short-lived spending shock as our baseline scenario, but we also refer to a long-lived shock to build up 24 Technically, this follows from the assumption β = r , which requires the joint determination of the transition and the steady-state.
intuition. Panels B and C of Table 2 report results for this case, as well as for a number of alternative scenarios. While panel B reports the impact response, panel C reports the cumulative responses over the first three years after the shock.
The transitional paths of key variables under the baseline scenario are displayed in Figure 2 .
The responses of consumption, GDP, investment and current account are expressed in percent of initial steady-state output, employment and the terms of trade are expressed in percentage deviations from the initial steady state. Horizontal axes measure years.
Before analyzing in the detail the role of habits in shaping the short-run dynamics in response to a temporary increase in government spending, we recall our first set of empirical observations established in section 2. We found that in all countries of our sample, an exogenous increase in government spending does not affect consumption very much, raises output, and induces a simultaneous decline of investment and the current account.
In the following, we discuss the predictions of our model for the behavior of these variables under time-separable preferences and in the presence of habit formation. In a nutshell, while government spending lowers consumption, raises labor supply, and improves the terms of trade in both cases, the response of labor supply and consumption is more moderate in the presence of habits. As a consequence, the model will generally predict a simultaneously decline of investment and the current account only in this case. Table 2 The transitional path of consumption is quite distinct, depending on whether agents care about past consumption or not. If γ = 0, the rate of time preference is fixed so that consumption monotonically increases towards its new steady-state, driven by a higher consumption-based real interest rate. Instead, if γ = 0.8, the initial rise in the rate of time preference ρ is large enough to offset the increase in the consumption-based real interest rate and leads to a decreasing temporal path for households' real expenditure. The gradual decline in the reference stock reduces ρ which falls monotonically. Finally, after 6 years, the declining time preference rate equalizes the consumption-based real interest rate's hump-shaped transitional path, which induces a rising temporal path for consumption afterwards.
------------------
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Relative to VAR evidence, we note that the model predicts a decline of consumption under all specifications. However, as shown in the first row of panel B of Table 2 , the crowding-out of consumption shrinks from -0.20% to -0.10% if we move from the time-separable preferences to the habits specification of preferences.
In line with our theoretical discussion in section 4, the sign of the investment response depends on the shock's persistence as well as on the preferences specification. The cumulative responses reported in the fourth line of panel C of Table 2 show that a fiscal expansion crowds-in investment by about 0.15% of initial GDP on impact after a long-lived shock while investment is crowded-out by 2.1% if the shock is short-lived and preferences are time-separable. In contrast, regardless of the shock's persistence, investment is always crowded-out in a model with habits, as agents are induced to supply less labor than in the case of time separable preferences due to a lower rise in the shadow value of wealth. As a result, the return on domestic capital remains low relative to the return on traded bonds.
For our baseline scenario, we find that the cumulative response of investment is -0.72% of GDP on impact and -2.29% after three years, see the fourth line of panels B and C of Table   2 , respectively. These predictions are close to the evidence for the US obtained from the VAR model (see Table 1 ).
Finally, Figure 2 (e) displays the dynamics of investment for the short-lived shock while allowing for different preference specifications. In this case, investment always falls, but more so in case of habits or if labor supply is weakly responsive (i e. , σ N = 0.2).
-
The reaction of the current account is reported in the sixth line of panel B of Table 2 . We find that the neoclassical model is unable to account for a simultaneous decline of investment and the current account in the case of time separable preferences. In particular, following a short-lived fiscal expansion, investment is crowded-out and the current account enters in surplus in the short-run (see Figure 2(f) ). By contrast, in the presence of habits, an expansionary fiscal policy drives down investment and worsens the external asset position as savings decline more in this case.
The fifth line of panel C of Table 2 reports results which vary markedly across cases, from a current account deficit of -0.2% of initial GDP (for T = 25 and γ = 0.8) to a surplus by 0.02% (for T = 4, γ = 0, and ϕ = 0.6). Note, however, that while allowing for habits improves the predictions of the neoclassical model, it still fails to predict the size of the current account deficits reported in Table 1 .
We now discuss the GDP response. As shown in the seventh line of panel B of Table 2 , in all scenarios, output increases, as labor supply rises. While the model underpredicts the size of the initial response of GDP found in the data (see Table 1 ), it predicts pretty well the slowdown in GDP growth and the negative response of GDP found for the US economy after one year and a half as displayed in Figure 1 . The slowdown in GDP growth originates from the fall in the growth rate in hours worked, as portrayed in Figure 2 (c). Households supply labor at a smaller rate as the terms of trade deterioration lowers the real wage. Additionally, the crowding-out of investment reduces further GDP growth which becomes negative after one year. Since the model with habits predicts a smaller increase in labor supply and a stronger decumulation of capital, the GDP response is smaller across all scenarios, as shown in the seventh line of panel B of Table 2 . At the time the fiscal policy is removed, the economy experiences an investment boom, as portrayed in Figure 2 (e). Finally, as stressed by Baxter and King [1993] , the response of GDP to a fiscal shock displays a great sensitivity to labor supply responsiveness. Considering a short-lived shock, the cumulative response of GDP for a three-year horizon summarized in the last line of panel C of Table 2 varies from about zero with habits and a low σ N to 0.5% with time separable preferences and a high σ N .
The Role of Trade Openness
We now take up the question to what extent the degree of openness alters the fiscal transmission mechanism within the neoclassical model. We do so against the background of our second set of observations established in section 2 above. We have documented that, for the four countries in our sample, an increase in government spending has a smaller effect on investment and GDP, while it induces a larger current account deficit in more open economies. In the following, we contrast the dynamic adjustment triggered by the fiscal shock in the baseline scenario with an import-to-GDP ratio of 12 percent with results for a more open economy with an import-to-GDP ratio of 28 percent.
As illustrated by the dashed line in Figure 2 (18)).
Turning to investment and how its response changes with openness, we first note that, as shown in the sixth line of panel A of is lower along the transitional path and the return on foreign bonds increases less. Ceteris paribus, this implies a smaller drop in investment in more open economies, as illustrated by the numerical results reported in panels B and C of Table 2 . Hence, the model's predictions conform with the VAR evidence; yet, we also note that the role of openness for the investment response is limited from a quantitative point of view, in particular in the case γ = 0.
Openness also matters for the response of the current account to fiscal shocks. Specifically, inspection of equation (20) reveals that the initial fall in p exerts a larger negative impact on the current account, as the GDP shares of exports ω X and imports ω c α c rise as a result of a higher degree of openness. At the same time, a higher import content also implies that the fall in consumption leads to a stronger decline of imports. However, for our baseline scenario the first effect dominates, as shown by numerical results reported in panels B and C of preferences and the case of habits, respectively. The cumulative output response declines in openness under both preference specifications, although the effect is somewhat less pronounced in the case of habits, reflecting the stronger sensitivity of investment to trade openness.
------------------------------
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Sensitivity Analysis
In this subsection, we discuss further the implications of the duration of the shock and conduct a sensitivity analysis with respect to the financing scheme of government spending.
26 This is because openness moderates the rise in the shadow value of wealth triggered by the fiscal shock.
Intuitively, in more open economies, as imports account for a larger fraction of consumption, the government's claim on domestic resources is less damaging to the households' wealth.
Shock Duration
The duration of the shock is an important determinant for the transmission of fiscal policy measures. In fact, assuming time separable preferences, we find that the sign of the responses of investment and current account depends on the length of the shock. In the presence of habits, the shock's duration affects the size of the effects. This is illustrated in Table 2 which reports results for T = 4, T = 10 and T = 25.
We find that, as the shock's length decreases, the current account deteriorates less, while investment is crowded-out more. Intuitively, as the shock is less persistent, the rise in the return on physical capital is smaller so that agents are induced to accumulate foreign bonds relative to capital. Yet the current account will move into deficit, as households smooth consumption and lower their savings.
Labor Tax-Financing Fiscal Shocks
So far we assumed that taxes are lump-sum. Instead, we now consider the possibility that taxes are distortionary. Specifically, we assume that firms face a labor cost equal to w F = w 1 + τ F , with τ F denoting payroll taxes (i. e. , the employer's part of labor taxes). We let taxes adjust so as to balance the government budget in each period: τ F wn = g. Since the wage w is equal to the marginal product of labor adjusted of labor tax, i.e. 
By assumption, an increase in government spending triggers a rise in labor income taxes.
Moreover, since higher labor income taxes reduce the households' incentive to work, the consecutive fall in the tax base requires an additional increase in the tax rate. Results for the case of distortionary taxes are shown in Table 2 , assuming T = 10 and habit formation. As a consequence, GDP falls by about by 0.3% on impact in response to a spending shock in this case, see also Baxter and King [1993] for a closed economy analysis. Investment, consumption and the current account also fall more strongly. 27
Conclusion
In this paper we have shown that the introduction of a habit index into the utility function helps improving the predictive power of the open economy version of the neoclassical model. In 27 Clearly, while distortionary taxes are the empirically relevant case, the effect of distortionary taxes on the transmission of government spending shocks is likely to be overstated as a result of assuming that the government budget is balanced in each period. A detailed analysis of debt policies is beyond the scope of the present paper, however. particular, a robust observation emerging from our VAR analysis is that government spending tends to crowd-out both investment and the current account. Allowing for habit formation enables the model to account for this finding.
Following a temporary rise in government spending, consumption falls, labor increases and terms of trade improve on impact, whether agents care about their past consumption or not.
Yet, in the case of habits, the increase in labor supply is more moderate. This, ceteris paribus, lowers the return on domestic capital relative to the return on foreign bonds and induces a decumulation of domestic capital relative to foreign bonds. In response to a temporary rise in government spending, overall savings decline, because households smooth consumption.
However, only in the case of habits is the drop in savings large enough for both investment and the current account to decline.
A second observation which emerges from our VAR analysis is that the degree of openness appears to affect fiscal policy transmission systematically. We therefore analyze the effect of trade openness on fiscal policy transmission within the neoclassical model. In line with the evidence, we find that higher trade openness moderates substantially the crowding-out of investment and amplifies the current account deficit (in the case of habits). In addition, we find that the output effects of government spending decline in openness in line with the evidence. This result may also provide a rationale for an interesting finding by Perotti [2005] . He documents declining output effects of government spending when comparing time-series evidence for the pre-1980s with the post-1980s period; trade openness certainly increased considerably between the two sample periods.
In concluding we stress a number of caveats. First, our time series evidence on openness can only be considered tentative, as it is based on observations for four countries. Reassuringly, however, it confirms earlier findings for a larger sample by Beetsma et al. [2008] . Second, regarding the model's performance, we note that the model fails to match the evidence quantitatively along a number of dimensions. Notably, it fails to predict the size of current account deficits. Finally, while a number of studies provide evidence that government spending tends to depreciate exchange rates, at least for the US (see, e.g., Enders, Müller and Scholl [2010] ), the neoclassical model predicts that government spending appreciates the terms of trade, at least in the short-run. We leave a further analysis of these issues for future research. Baxter, Marianne and Robert G. King (1993) 
HABIT FORMATION AND FISCAL TRANSMISSION IN OPEN ECONOMIES A A Semi-Small Open Economy Model without Capital
In this section, we construct a semi-small open economy model without capital accumulation to derive analytical expressions and discuss the role of habits in the fiscal policy transmission mechanism in the main text.
A.1 Framework
Households maximize the following objective function:
subject to the flow budget constraint
and the accumulation equation of habits (5). The government finances government spending on the domestic good g by levying lump-sum taxes T .
Macroeconomic Equilibrium
The macroeconomic equilibrium is described by the following set of equations:
together with the accumulation equation of foreign assets (22), the accumulation equation of habits (5) and appropriate transversality conditions; (1 − α c ) p c c stands for the consumption in the domestic good. Solving (23b) for labor yields n = n λ , p . Substituting the short-run static solution for labor into the market-clearing condition for the home good (23f) and solving for the real exchange rate yields:
Differentiating (23a) with respect to time, substituting (5), (23e) and (24), eliminating ξ by making use of (23a), yields the dynamic equation for real consumption:
Linearizing (26) together with the accumulation equation of habits (5) around the steadystate, and denoting long-term values by a tilde, we obtain in a matrix form:
where J is given by
The determinant denoted by Det of the linearized 2 × 2 matrix (29) is unambiguously negative:
where 0 <Ψ −1 < 1. The trace denoted by Tr is given by:
The characteristic roots obtained from the 2 × 2 linearized matrix J write as follows:
Since the system features one state variable, s, and one jump variable, c, the equilibrium yields a unique one-dimensional stable saddle-path. It is straightforward to show that setting γ = 0 yields a stable root which simplifies to µ γ=0 1 = −σ. Stable solutions paths are given by:
where we normalized ω i 1 to unity. The eigenvector ω i 2 associated with eigenvalue µ i is given by
Eigenvector ω 1 2 = σ+µ 1 σ is positive if and only if:
It can be shown that condition (36) is satisfied as long as > 1.
A.2 Consumption, Habit Persistence, and Permanent Income Solving (22) and invoking the transversality condition yields:
In a small open economy model where the relative price of domestic goods is exogenous and thereby remains constant over time, we haveΨ =Π = 1 andΛ = − µ 1 σ (σ + r ). Consequently, the short-run and long-run marginal propensities rewrite as follows:
From (40b), the condition for the short-term MPC to be smaller than unity is σ + µ 1 > 0 which always holds as long as γ > 0. In words, the short-run MPC is smaller with an exogenous p than with an endogenous p. The reason is as follows. Along the transitional path, the real exchange depreciates which in turn implies a smoother real consumption adjustment (due to the the rise in the consumption-based real interest rate which compensates the high time preference rate). Such a consumption behavior is consistent with the intertemporal solvency condition as long as the consumption falls by a larger amount in the short-run than that prevailing with a real exchange rate constant over time. Without habits, µ γ=0 1
= −σ such that the short-run and long-run MPC coincide and are equal to unity.
A.3 Short-Run Effects on Consumption and Current Account after a Temporary Fiscal Shock: Some Analytical Results
In a first step, we solve the steady-state without the intertemporal solvency condition which allows us to express the steady-state levels of key economic variables in terms of the shadow value of wealth (λ) and government spending (g). For simplicity, we assume that the production function is linear with labor, i.e. Y = n. The steady-state is described by the following set of equations:c
We first solve (41a)-(41b) for consumption and labor :
where we denote by a hat the rate of change of variable x = c, n. Using the Shephard's Lemma, intra-temporal allocations between domestic goods and foreign goods are: c F = p c c and c D = [p c − pp c ] c and substituting (42), we solve for consumption in the domestic and foreign goods:
where the partial derivatives are given bŷ
where we assumed that ν < φ since empirical evidence suggest that ν < 1. Substituting (44) into the market-clearing condition (41c) and the zero current account equation (41d), and differentiating, we get:
where ω c = p cc /Ỹ and ω B = r pb/Ỹ . Inserting (46a) into (43) and (46b), steady-state can be solved for consumption, employment, the terms of trade and the stock of foreign bonds:
and
Substituting the short-run static solution for the terms of trade p = Π λ , c, g (see eq. (24)) into the dynamic equation for the current accountḃ = r b + X (p) /p − c F , linearizing around the steady-state, substituting formal solutions, and solving we get:
where we setΓ
with ω 1 2 > 0, ω 2 2 > 0,Ω =X p 2 (η X − 1) +pc
Invoking the transversality condition, the intertemporal solvency condition writes as follows:
The second step consists to determine the equilibrium change ofλ i by taking the total differential of the intertemporal solvency condition (53):
from which we derive
We solve the system written in a matrix form for the constants and the change in the equilibrium value of the marginal utility of wealth:    Γ 
where the determinant E writes as:
andΓ 1 is given by (51) andΩ
Eq. (61) corresponds to eq. (15) in the text. Let evaluate the long-run change of real consumption after a temporary rise in government spending. At this end, we estimate useful expressions. Plugging the short-run static solution for the terms of trade which obviously holds at the steady-state, i.e.p = Π λ ,c, g , together with (47a), into the long-run current account equation r b + X(p) p − p cc , and differentiating w.r.t.λ, we get: r bλ + ΩΠ c − p c cλ +ΩΠλ = 0. Using this equation to rewrite bλ +Γ 1 cλ, we obtain:
whereΩ > 0,Π c < 0,Πλ > 0, cλ < 0. The initial jump of the marginal utility of wealthλ can be rewritten by using (62): 
From expression (63), an expansionary budget policy exerts onλ two influences that work in the same direction. The wealth effect comes from the fall in the real disposable income which reduces the present value of wealth. The first term on the right-hand side of (63) indicates that the change of the marginal utility of wealth equals the change after a permanent government spending shock, λ g , scaled-down by the term 0 < 1 − e −r T < 1. The second works in the same direction of the wealth effect and reflects the effect of the relative price on consumption originating from the change in the terms of trade. Over period 2, say once the policy is removed, the terms of trade deteriorate as the drop in government spending triggers an excess of supply which must be eliminated by a rise in the relative price p. This terms of trade deterioration reduces the marginal utility of wealth measured in terms of the domestic good p cλ /p which requires an additional rise inλ for the intertemporal solvency condition to hold (i.e. to moderate the rise in consumption). Interestingly, the second term increases as habit persistence gets stronger.
Using the fact that dc dg temp = cλ dλ dg temp , the long-term change of real consumption writes as: dc dg temp = cλλ g 1 − e −r T + r c gχ e −r T − e −µ 2 T < 0.
Eq. (65) corresponds to eq. (16) in the text. As government spending returns back to its initial level, the long-term change in real consumption is mainly determined by the change in the equilibrium value of the marginal utility of wealth. Differentiating the formal solution (50) for the stock of traded bonds b(t), substituting (59b), we obtain the adjustment of the current account ca(t): 
Hence (68) can be rewritten as follows:
We cannot determine the sign of the expression analytically. Yet, in a small open economy model, the relative price is exogenous so that c g = 0 and expression reduces to b g > 0. This term reflects the standard smoothing effect through the decumulation of traded bonds. The second offsetting term reflects the rise in the consumption-bases real interest rate as the terms of trade deteriorate, i.e.ṗ > 0 which induces agents to lower their real consumption. Setting t = 0 into (66) yields the initial reaction of the current account:
The sign of the expression in brackets is ambiguous and decreases with the shock's persistence. The term b g reflects the smoothing behavior which induces agents to decumulate foreign bonds. The reason is that a temporary shock results in a larger impact on current than on permanent income, and this gap gets larger as the perturbation is short-living. Therefore, the current account will be more affected the shorter-lasting is the perturbation. Yet, in a two-good model where the relative price is endogenous, a second effect reflected by the term c g counteracts the smoothing behavior. More precisely, the terms of trade deteriorationṗ < 0 raises the consumption-based real interest rate which provides an incentive to reallocate real expenditure towards the future. In a one-good open economy model or a two-good framework where the terms of trade are exogenous, the term c g vanishes so that the expression is unambiguously negative. Additionally, we show below that the second expression on the RHS is unambiguously negative. The first term µ 1Γ1 A 1 < 0 reflects the fact that habit-forming consumers facing a drop in their disposable income wish to sustain their original standard of living. Hence, they disave by decumulating foreign bonds. This term shows up after both a permanent and a temporary shock but vanishes in a model with time separable preferences. The second term µ 2Γ2 A 2 < 0 is negative and amplifies the current account deficit triggered by the habit-forming behavior. This term would vanish in a one-good model. It reflects the fact that the increase in the relative price p, while government spending is temporarily high, raises consumption (by lowering p c barλ/p) which in turn induces an increase in consumption that deteriorates the current account. We now estimate the following term by substituting (59b) and (59c):
